The present study for the first time reports the chemical composition of the endemic Balkan parsnip Pastinaca hirsuta Pančić essential oil and headspace (HS) volatiles, obtained from fresh roots, stems, flowers and fruits, as well as fresh fruits n-hexane and diethyl ether extracts. According to GC-MS and GC-FID analyses, -Pinene was one of the major components of the root and stem HS volatiles (50.6-24.1%). (E)--Ocimene was found in a significant percentage in the stem and flowers HS volatiles (31.6-57.3%). The most abundant constituent of the fruit HS, flower and fruit essential oils and both extracts was hexyl butanoate (70.5%, 31.1%, 80.4%, 47.4% and 52.7%, respectively). Apiole, accompanied by myristicin and (Z)-falcarinol, make up over 70% of the root essential oils. γ-Palmitolactone was the major component of the stem essential oils (51.9% at the flowering stage and 45.7% at the fruiting stage). Beside esters as dominant compounds, furanocoumarins were also identified in extracts. (Dis)similarity relations of examined plant samples were also investigated by the agglomerative hierarchical cluster analysis. The obtained results show there is difference in the composition of volatile components from different plant organs, while the stage of growth mainly affects the quantitative volatiles composition.
Genus Pastinaca belongs to the Apiaceae family, the Tordylieae tribe, and includes 15 species native to Eurasia. 'Pastus' (Latin) means food, nourish, cultivated for eating. The species of the genus are known under the common name 'parsnips' and have been used raw or cooked in human diet, in the pharmaceutical industry as well as in traditional medicine since ancient times. In Serbia, two species are grown: Pastinaca sativa L. and Pastinaca hirsuta Pančić. P. hirsuta Pančić is endemic to the eastern part of the Balkan Peninsula and distributed in the eastern and southern parts of Serbia and in the southern and northern parts of Bulgaria. It is a biennial or perennial plant which grows in mountain meadows. Yellow flowers and elliptical fruits have characteristic and intense odour [1a,b] .
Parsnips species have been subjects of various studies, among other things, because of their use in gastronomy. P. sativa (wild parsnip) is best known and the most investigated member of genus. Parsnip roots are a source of dietary fibers. Numerous studies have reported the composition of essential oils and extracts as well as some of the biological activities [2a,b,c,d] . Its fruit ethanol extract has proved to be a potentially apoptotic reagent [3] . Among the ten Apiaceae species, the essential oil of wild parsnip was estimated as fumigant against rice weevils and as a potentially AChE inhibitor [4a,b] . P. armena Fisch.&Mey belongs to a group of wild plants in Turkey which have been used for medical purposes, i.e. as antiinflammatory agent [5] . Besides, only one paper has been published about the essential oil of dried above-ground parts of the P. hirsuta at the flowering stage [1b].
Because of a lack of data about the chemical composition, this research aims to determine the composition of P. hirsuta essential oil and headspace (HS) volatiles, obtained from fresh roots, stems, flowers and fruits as well as n-hexane and diethyl ether extracts obtained from fresh fruits. The yields of essential oils and extracts are presented in Table 1 .
The obtained results were subjected to AHC (Agglomerative Hierarchical Clustering) analysis in order to realize the similarities EO1 -essential oil of root at the flowering stage; EO2 -essential oil of the root at the fruiting stage; EO3 -essential oil of the stem at the flowering stage, EO4 -essential oil of the stem at the fruiting stage; EO5 -essential oil of the flower; EO6 -essential oil of the fruit; EE6 -fruit diethyl ether extract; HE6 -fruit n-hexane extract.
between examined samples. The results of the GC-MS and GC-FID analyses of the HS volatiles and essential oils of the root, stem, flower and fruit as well as fruit extracts are given in tables 2, 3 and 4, respectively.
Composition of HS volatiles:
Taking into account the results in table 2 it is noticed that -pinene was identified in each sample at both growth stages and presents the principal component of the root (at both growth stages) and of the stem at the fruiting stage, it is the second most present component of the stem volatiles at the flowering stage and slightly present in the flower and fruit volatiles. Also, the presence of terpinolene in the root at the flowering stage is 8.5% higher than in the root at the fruiting stage, while the reverse situation was noticed regarding the presence of limonene which is 9.5% more prevalent at the flowering stage. Composition of essential oils: Analysis of essential oils resulted in identification of 103 components, refers to both stages ( 
98.5 89.2 99.9 95.0 99.5 99.3 a RI-experimental linear retention indices relative to C8 -C20 and C21 -C40 alkanes on the HP-5MS; b RA-according Adams [14] ; c tr-trace amount (< 0.05%), (-) -not detected; the components over 10 % are bolded; d Headspace volatiles: HS1 -root at the flowering stage, HS2 -root at the fruiting stage, HS3 -stem at the flowering stage, HS4 -stem at the fruiting stage, HS5 -flower, HS6 -fruit. [14] ; c tr-trace amount (< 0.05%), (-) -not detected; the components over 10 % are bolded; d Essential oils: EO1 -root at the flowering stage, EO2root at the fruiting stage, EO3 -stem at the flowering stage, EO4 -stem at the fruiting stage, EO5 -flower, EO6 -fruit; e previously reported compounds[2]; f Correct stereoisomer not determined.
followed by myristicin (17.0% at the flowering stage and 30.1% at the fruiting stage), and (Z)-falcarinol (22.7% at the flowering stage and 8.1% at the fruiting stage). γ-Palmitolactone was the most abundant component of the stem essential oil (51.9% at the flowering stage and 45.7% at the fruiting stage) accompanied by propyl linoleate (23.3% at the flowering stage and 16.7% at the fruiting stage).
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Hexyl butanoate was the principal component in the flower and fruit essential oils (31.1% and 80.4%, respectively) accompanied by hexyl hexanoate (15.9% and 12.1%, respectively). The difference lies in the content of γ-palmitolactone: 13.6% in the flower essential oil and only 1% in the fruit essential oil. The obtained clustering represents differences between HS samples and essential oils in regard to volatiles composition, i.e. how the presence of some volatiles affects on differentiation of examined samples. Namely, according to the AHC analysis headspace and the essential oils samples are detached from each other as two clusters (at distance 125). At distance 70 the first cluster is divided into two subclusters. The first is agglomerate of HS volatiles of fruit, flower and stem at flowering stage (HS6, HS5, HS3), while the second is agglomerate of HS volatiles of stem at the fruiting stage and both root sample (HS4, HS2, HS1). At the same distance the second cluster of essential oils samples is divided into three groups, as follows: first group -fruit and flower essential oils, second groupboth stem essential oils and third group -both root essential oils.
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Composition of n-hexane and diethyl ether extracts:
The compounds identified in extracts are listed in table 4. The extracts are similar in the chemical composition. The major components of the both extracts are esters: hexyl butanoate (47.4% and 52.7%, respectively) and hexyl hexanoate (30.5% and 31.0%, respectively) which present 77.9% of n-hexane extract and 83.7% of diethyl ether extract. Furanocoumarins: iso-bergaptene, xanthotoxin, bergaptene and isopimpinellin were identified in both extracts (0.6% and 0.9% in n-hexane and diethyl ether extract, respectively).
With respect to previous results [1b] it can be noticed that hexyl butanoate occurs as the principal component like in the present study (fruiting stage). Hexyl hexanoate and γ-palmitolactone have not been identified in previous study while in the present study the flower and fruit essential oil contain them in the significant amount as well as propyl linoleate (the stem essential oil). Observed differences are understandable with respect to the various parts of plants from which the oils are obtained (previous results of essential oil of dried above-ground parts at the flowering stage versus the essential oils from different fresh plant organs in the present study).
The presence of apiol, myristicin and furanocoumarins may be interesting from the point of application with respect to their known properties. Apiole and myristicin are known as fragrances in the cosmetic and pesticide industry and as flavoring agents. Myristicin is also used in traditional medicine to treat rheumatism, cholera, psychosis, stomach cramps, nausea, diarrhea, flatulence, and anxiety [6] . Apiole and myristicin inhibits the biosynthesis of aflatoxin G1, decrease the proliferation of some cancer cells and show an insecticidal activity [7a,b,c,d] . Both stabilize radicals which allow their use as scavengers [8] . Myristicin increases the toxicity of some furanocoumarins and displays a strong synergism of some synthetic insecticides [9] . Despite the traditional use as a supplement or in cookery, the modern studies of plants which contain these compounds in significant amount warn us not to take it more than allowed [10a,b] . Apiole should be avoided by pregnant women and during lactation because it is powerful emmenagogue (induces or hastens menstrual flow); on the other hand, it is effective in amenorrhea. Myristicin crossing the placenta may cause fetal tachycardia. The ingestion of apiole or food/spices rich in apiole may lead to blood, liver and kidney disorders. In the mixture with some synergic elements, myristicin is thought to be responsible for a psychotropic effect. Myristicin acts as a serotonin receptor antagonist and as a hallucinogenic compound; it might cause convulsion delirium, blurred vision, etc. [10b -11] . Furanocoumarins comprise a group of biologically active secondary metabolites distributed in many plants, including vegetables such as celery and parsnips, as well as in citrus fruits. They have been used in dermatology for skin disorders such as psoriasis, vitiligo, mycosis fungoides, atopic eczema, alopecia and as antifungal agents. Despite the medical use, a survey showed mutagenic, photodermatitic and carcinogenic effects of furanocoumarins [12a,b] .
In case of P. hirsuta volatiles, the present study implies that the growth stage negligible affects the chemical composition, but there is the difference in the composition of the volatiles isolated from different plant parts. The head-space volatiles, essential oil and extracts of fruit resemble each other and contain hexyl butanoate as the principle component. Considering the significant presence of apiole and myristicin in root volatiles and due to their use as fragrance, flavorant, antioxidants and anticancer agents, the root could be interesting as a food supplement, while the fruit could be used for treatment of skin diseases due to the presence furanocoumarins.
Experimental
Plant material: The plant was harvested at two growth stages: the flowering stage (June 2013) and the fruiting stage (July 2013), in the region of Vlasina Lake in Southeast Serbia (Europe). Voucher specimens No. 7239 and No. 7235 are deposited in the Herbarium collection of the Faculty of Science and Mathematics, University of Niš (HMN). The fresh plant was divided into parts: root, stem and flower/fruit.
Essential oil isolation:
Fresh chopped plant material was hydrodistilled by Clevenger-type apparatus for 3 hours.
Headspace volatiles:
For the HS experiment, chopped plant material (0.5 g) was put into 20 ml HS vial. The sample was heated at 80°C for 20 minutes with the following mixing program: shaking for 5 seconds, pausing for 2 seconds. Extracts: 3.0 g of chopped fruits was soaked in solvent (n-hexane and diethyl ether) in ratio 1:5 (v/v). The samples were put into ultrasonic bath for 30 min, than 3 days in dark at a room temperature. After the filtration, the solvent evaporated on rotary vacuum evaporator.
GC-FID and GC-MS analyses:
The GC-FID and GC-MS analyses were performed as previously described [13] .
Statistical analysis:
Agglomerative hierarchical cluster analysis (AHC) was performed by STATISTICA 8 software.
